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(54) OPTICAL MEASUREMENT METHOD 

(57)Abstract: 

PURPOSE: To perform automatically an accurate 
measurement by a selected frame by detecting a 
center position through an analysis of a luminance 
gradient within each pupil of a spectacled person, 
and the position of the horizontal and vertical 
directional linear lines located in the frame tangential 
direction based on the analysis of the luminance 
gradient and an extracted frame contour. 
CONSTITUTION: A window 45 is defined in a center 
position of a pupil 45 and at every point of the inside 
image, a luminance gradient norm is detected, to 
which a threshold value is applied to detect the 
reflection center. Further, a smaller processing 
window 44 is installed, the data is converted into a 

two- value format and the obtained pixel core is made to be the center of the pupil 45. 
Making the pupil 45 as a basis, processing windows (the left side 46, right side 48, upper 
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side 49 and lower side 47) are defined and a mapping of the luminance gradient norms is 
calculated in the inside of each window. The point having a larger gradient norm than the 
threshold value is selected, the vertical directional tangent lines of the frames 11,13 and 
the horizontal directional tangent lines of the frames 16, 17 are obtained, respectively, 
these contours are converted into the two-value format and an image with an inside and 
outside contours of the frame 41 is obtained within each window. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are the approach of detecting the measurement parameter about said glasses wearer from 
the image of the glasses wearer who wore the glasses frame, and it sets on said image. The phase of 
detecting the location of the horizontal straight line and perpendicular direction straight line which 
are in a tangential direction to said frame, and the center position of the pupil said glasses wearer's 
eye, It sets on said image further including the phase which calculates the value of said measurement 
parameter from said location. In the phase of detecting the center position of each pupil 
automatically by analyzing the brightness inclination in the field of each pupil, and said image top 
An approach including the phase where analysis of said brightness inclination and the extract of the 
profile of said frame detect automatically the location of said horizontal straight line which is in a 
tangential direction to said frame, and said perpendicular direction straight line. 
[Claim 2] The method according to claim 1 of detecting the location of the location of a horizontal 
straight line and perpendicular direction straight line which are in a tangential direction to the inside 
profile of each half-frame on said image. 

[Claim 3] the phase detect the point on the image which has the brightness higher than a threshold 
the phase demarcate the aperture to which said phase which consists of detecting the center position 
of the pupil of each eye automatically on said image includes the field of said pupil within the limits 
of it for every pupil, and within the limits of said aperture, and the phase which calculates the 
location of the center of figure of said point - since - the approach according to claim 1 or 2 of 
changing. 

[Claim 4] The method according to claim 3 of performing the aperture of the magnitude beforehand 
decided after that to detect the point on said image whose norm of said brightness inclination is max 
in the point about said phase of demarcating said aperture in the field of each pupil by positioning 
said point as a core. 

[Claim 5] An approach given in any 1 term including the phase of demarcating four apertures of the 
magnitude decided beforehand around the center position of each pupil so that each aperture may 
contain one straight line which is in a tangential direction to the inside profile of each half-frame 
within the limits of it from claim 2 to claim 4. 

[Claim 6] In order that said phase of detecting automatically the location of said horizontal straight 
line which is in a tangential direction to said frame, and said perpendicular direction straight line 
may detect the inside inside profile and inside outside profile of a glasses frame of said aperture in 
each inside of ****** The phase where the norm of said brightness inclination detects the point on 
said larger image than said threshold in the inside of said aperture in the point, An approach 
including the phase of detecting the configuration of said frame inside said aperture from said 
profile, and the phase of detecting the tangent to the inside profile of said frame according to said 
aperture according to claim 5. 

[Claim 7] The approach according to claim 6 said a number of points with which it was beforehand 
decided on the image choose said threshold so that it may have the norm value of the brightness 
inclination exceeding said threshold. 

[Claim 8] It is related with various inclination values which can take the actual profile of said frame 
with the phase given at least. By calculating correlation between the phase which calculates the 
projection of said actual profile to said image top, and said profile extracted from said projection and 
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said image about said inclination value An approach given in any 1 term including the phase which 
calculates the inclination said whose inclination value is an inclination value said whose correlation 
is max including the phase which compares said projection to the profile extracted from said image 
from claim 1 to claim 7. 

[Claim 9] The phase of giving the actual profile of said frame, and the inclination of said frame at 
least, The phase which calculates the projection of said actual profile to said image top according to 
said inclination, From scanning said projection on said image, and this scan result by calculating 
correlation between the profile extracted from said image, and said projection about each location of 
said projection The phase which compares said projection to the profile extracted from said image, 
and the location of said projection said whose correlation is max are used. An approach given in any 
1 term including the phase of detecting the location of the horizontal straight line and perpendicular 
direction straight line which are in a tangential direction to said frame from claim 1 to claim 7. 
[Claim 10] An approach given in any 1 term from claim 1 to claim 9 performed by comparing the 
straight line which has said phase which calculates the value of said measurement parameter in a 
tangential direction from said location to the relative location of the core of the pupil said glasses 
wearers eye, and the inside profile of said frame. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the measurement of various parameters especially 
needed in order to make glasses still more clearly with respect to the field of optical generosity study 
with respect to the optical field. In manufacture of glasses, it is required to cut the lens designed so 
that it might be inserted in into a frame according to selection of a frame and various parameters 
relevant to a glasses wearer. Such a parameter includes the distance between pupils, i.e., the 
horizontal distance between a glasses wearer's both eyes, and the various height or distance over a 
pupil of each eye. 
[0002] 

[Description of the Prior Art] Various optical measurement methods are well-known. In former, a 
glasses vendor (optician) uses measuring equipment and measures a glasses wearer's various 
parameters directly. This approach can seldom be said as accuracy. Another faults are that 
measurement is not performed with a posture natural for a glasses wearer, and measurement is 
performed with a certain unnatural posture in which a glasses wearer's head was held in the fixed 
position, that various measuring devices exist in a visual field, etc. 

[0003] It is the France ********** in order to conquer such a fault. At No. 2,690,832, the image of 
the face of the wearer holding a frame is captured with digitizer equipment, and various parameters 
are measured on this image after that. Displaying this image on a screen is proposed in the above- 
mentioned application. By next, a glasses vendor uses a mouse mold pointing device, does location 
detection of each of the endmost part point of the four directions of the frame on a screen, and traces 
the rectangle framework of a tangential direction to a frame by it. It is made possible by the 
comparison between the dimension of this framework, and the theoretical configuration of the frame 
obtained by other means to carry out enlarging or contracting of the above-mentioned image to 
known magnitude. In order to calculate various parameters after that, the location of the pupil of 
each eye is marked on the above-mentioned image. 

[0004] The same approach is used in the equipment known as Video-Infral marketed from Carl 
Zeiss. Two sets of video cameras and one mirror are used, and a glasses wearer's transverse-plane 
image and side-face image are obtained. After that, a glasses vendor traces the tangent to a frame on 
the above-mentioned image using a mouse mold pointing device, and in order to determine the 
center position of an eye, he moves cursor or a mouse. After that, the relative location of the pupil of 
the glasses wearer on the basis of a frame is measured on a glasses wearer's transverse-plane image, 
and the inclination of the frame on the basis of a vertical line is further measured on a side-face 
image. 

[0005] In both above-mentioned approaches, a glasses vendor has to perform tracing a point with 
various frames using a mouse, and confirming by vision that a tangent is parallel by himself. As for 
the above-mentioned approach, from this reason, time amount will require both for activation. 
Furthermore, line actuation reduces the accuracy of measurement and the contact between the 
framework and a glasses frame is influenced by the official in charge who operates the above- 
mentioned equipment. When performing continuous measurement, it is difficult to obtain a 
reproducible result by these approaches. 

[0006] With the equipment marketed by name called Videocom, obtaining the image of the glasses 
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wearer who is wearing the glasses frame with which add-on with a millimeter graduation is inserted 
in on the frame using an easy video camera is proposed by Rodenstock. After obtaining this image, 
measurement is performed by clicking in respect of expected [ of the image on a screen ]. Therefore, 
the measurement in this equipment has a low precision. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention enables conquest of the above-mentioned 
fault. This invention is reproducible, is reliable and enables measurement which is not influenced by 
the operator. This invention makes it possible to make it that to which the break in by the operator 
was restricted. This invention can be automated completely and enables exact measurement 
regardless of the selected frame. 

[0008] This invention is the France ********** marketed by this grantee by name called 
Videocentron. It is especially effective when using it with the equipment indicated by No. 2,690,833. 

[0009] 

[Means for Solving the Problem] This invention offers the approach of asking for the measurement 
parameter about that glasses wearer from the image of the glasses wearer who wore the glasses 
frame. This approach The phase of detecting the location of the horizontal straight line and 
perpendicular direction straight line which are to the above-mentioned frame in a tangential direction 
on the above-mentioned image, and the center position of the pupil the above-mentioned glasses 
wearer's eye, It sets on the above-mentioned image further including the phase which calculates the 
value of the above-mentioned measurement parameter from these locations. In the phase of detecting 
the center position of each pupil automatically by analyzing the brightness inclination in the field of 
each pupil, and the above-mentioned image top The phase where analysis of brightness inclination 
and the extract of the profile of the above-mentioned frame detect automatically the location of the 
horizontal straight line and perpendicular direction straight line which are in a tangential direction to 
the above-mentioned frame is included. 

[0010] This invention is made into that to which the break in of human being was restricted, and a 
reproducible result is brought about. 

[001 1] In the desirable example of this invention, the location of the horizontal straight line and 
perpendicular direction straight line which are in a tangential direction to the inside profile of a 
frame is detected in each of a half- frame on a screen. 

[0012] This approach is more exact than the conventional method of detecting the tangent to a 
glasses frame in an image top. 

[0013] the phase demarcate the aperture to which the above-mentioned phase of detecting the center 
position of the pupil of each eye automatically on the above-mentioned image includes the field of a 
pupil within the limits of it for every pupil, the phase detect the point on the image which is the 
inside of the above-mentioned aperture and has brightness higher than a threshold, and the phase that 
calculates the location of the center of figure of the point describing above - since - it changes. 
[0014] In this case, the above-mentioned phase of demarcating the above-mentioned aperture is 
performed that the norm of brightness inclination detects the point on the above-mentioned image 
which is max in the field of each pupil in that point, and by positioning the point describing above 
for the aperture of the magnitude with which it is after that and which was decided on beforehand as 
a core. 

[0015] Use of such an aperture makes it possible to perform the above-mentioned approach still 
more quickly. 

[0016] The above-mentioned approach can include the phase of demarcating four apertures of the 
magnitude in which each aperture contains one straight line which is in a tangential direction to the 
inside profile of each half- frame and which was decided beforehand around the center position of 
each pupil. 

[0017] It becomes possible to perform the above-mentioned approach have [ no need of detecting the 
tangent inside each aperture ] more quickly by use of such an aperture. 

[0018] The phase of detecting automatically the location of the horizontal straight line and the gentle 
direction straight line which are in a tangential direction to the above-mentioned frame In each inside 
of the above-mentioned aperture, in order to detect the inside inside profile and inside outside profile 
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of a glasses frame of the above-mentioned aperture The phase where the norm of brightness 
inclination detects the point on the above-mentioned larger image than a threshold in the inside of 
the above-mentioned aperture in the point, It is possible to include the phase of detecting the 
configuration of the above-mentioned frame inside the above-mentioned aperture from the above- 
mentioned profile, and the phase of detecting the tangent to the inside profile of the above-mentioned 
frame according to the above-mentioned aperture. 

[0019] It is advantageous that the above-mentioned threshold is chosen so that it may have the norm 
value of the brightness inclination to which the point on a number of images decided beforehand 
describing above exceeds the above-mentioned threshold. 

[0020] An inclination is able to be calculated from the above-mentioned image. In this case the 
above-mentioned approach It is related with various inclination values which can take the actual 
profile of the above-mentioned frame with the phase given at least, the above of a up to [ the above- 
mentioned image ] — by calculating correlation between the phase which calculates the projection of 
an actual profile, and the above-mentioned projection and the above-mentioned profile extracted 
from the above-mentioned image about the above-mentioned inclination value The above-mentioned 
inclination value is an inclination value whose above-mentioned correlation is max including the 
phase which compares the above-mentioned projection to the profile extracted from the above- 
mentioned image. 

[0021] The phase where the above-mentioned approach gives a profile with an actual glasses frame, 
and the inclination of this frame at least when an inclination is known, the above-mentioned 
inclination — responding - the above of a up to [ the above-mentioned image ] — with the phase 
which calculates the projection of an actual profile By calculating correlation between scanning the 
above-mentioned projection on the above-mentioned image, and the profile and the above-mentioned 
projection which were extracted from the above-mentioned image about each location of this scan 
result to the above-mentioned projection The phase which compares the above-mentioned projection 
to the profile extracted from the above-mentioned image, and the location of the above-mentioned 
projection whose above-mentioned correlation is max can be used, and the phase of detecting the 
location of the horizontal straight line and perpendicular direction straight line which are in a 
tangential direction to the above-mentioned frame can be included. 

[0022] In one of the desirable examples, it is carried out by comparing the straight line which has the 
phase which calculates the value of the above-mentioned measurement parameter in a tangential 
direction from the above-mentioned location to the relative location of the core of the pupil a glasses 
wearers eye, and the inside profile of the above-mentioned frame. 

[0023] The another description and another advantage of this invention will become still clearer from 
explanation of the following examples shown as a mere un-limiting-example with reference to an 
accompanying drawing. 
[0024] 

[Example] Drawing 1 is illustrating various measurement parameters about a glasses wearer. The 
glasses frame 1 which consists of a left-hand side half- frame 2 and a right-hand side half-frame 3 is 
shown in drawing 1 , and a glasses wearer's left eye 4 and right eye 5 are roughly shown in it. In 
order to prepare the ophthalmic glass or the lens which suits the frame chosen with the glasses 
wearer, and to cut ophthalmic glass, it is required to get to know the inside configuration of a frame. 
Furthermore, it is also required to get to know the location of the eye of the wearer on the basis of a 
frame. Current use of the following parameter is carried out. The 1st parameter is the distance 
between each core of a glasses wearer's both eyes, and this distance is equal to the sum total of the 
right-hand side offset and left-hand side offset by which each is equivalent to the horizontal distance 
between the horizontal distance between a right-hand side pupil and the axis of a nose, the axis of a 
nose, and a left-hand side pupil. In drawing 1 , a dotted line 6 expresses the axis of a nose, a 
dimension 7 is the distance between pupils, a dimension 9 is right-hand side offset, and a dimension 
8 is left-hand side offset. The distance between two perpendicular direction straight lines (10 11) 
which are in a tangential direction to the inside of each ** frame located in a nose side is called a 
bridge. The dimension 12 of drawing 1 is equivalent to a bridge. The distance between two 
horizontal straight lines 16 and 17 which are in a tangential direction in the width of face of each ** 
frame, i.e., the distance between two perpendicular direction straight lines 1 1 and 13 which are in a 
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tangential direction to the inside of each ** frame, to the inside of distance A (dimension 14), a call, 
and each ** frame is called distance B (dimension 15). The crossing between Chuo Line, the two 
above-mentioned horizontal straight lines of a tangential direction, and Chuo Line, the two above- 
mentioned perpendicular direction straight lines of a tangential direction, is called the core of each 
** frame. The distance between the horizontal straight lines which are in a tangential direction to the 
lower part the left-hand side height 18, the core of the pupil of a call and a right eye 5, and inside the 
right-hand side half frame 3 about the distance between the core of the pupil of a left eye 4 and the 
horizontal straight line 1 6 which is in a tangential direction to the lower part inside the left-hand side 
half frame 2 is called the right-hand side height 19. About the distance of the horizontal or the 
perpendicular direction between the core of each ** frame, and the core of the pupil of a 
corresponding eye, it is the axis gap distance (off-axis distance) left-hand side or on the right-hand 
side of horizontal or a perpendicular direction. It calls. (Right-hand side or left-hand side) The 
perpendicular direction distance between the inner circumference of the frame of the lower part of 
the core and the core of a pupil of a pupil is called the depth (right-hand side or left-hand side) of the 
frame of a pupil lower part. (Right-hand side or left-hand side) The maximum distance between the 
core of a pupil and the inner circumference of the frame corresponding to it is called the maximum 
(right-hand side or left-hand side) radius (radius). This maximum radius makes it possible to detect 
the magnitude of the minimum diameter of an usable lens. 

[0025] The purpose of this invention is detecting the above-mentioned various parameters from the 
image of the glasses wearer who wore the frame. As for this image, it is advantageous to be obtained 
with the video camera combined with the digitizer substrate. Such an image can be provided by 
above Videocentron equipment. Such an image can be obtained also by the digital camera, the 
scanner, or the means of other arbitration, the scale of known magnitude exists for example, in an 
image by the approach that such an image is well-known - or enlarging or contracting is carried out 
by other means of arbitration to enable detection of the dilation ratio of an image (for a focal distance 
to be got to know). 

[0026] The above-mentioned image is a digital image of the color or gray scale with which a glasses 
wearer's face and frame appear on it. While the glasses wearer is gazing at the light source, it is also 
possible to observe the reflection from the cornea of each eye on this image. 
[0027] Please understand that a technical term "an image" means the matrix of the figure which 
consists of the set of a point or a pixel on these specifications. They are the brightness expression of 
the image with which, as for this image, actuation is added in the case of the image obtained from 
the video camera, or the digital representation (hue saturation reinforcement (hue saturation 
intensity: HSI) or red-green blue (RGB)) of other arbitration. 

[0028] A technical term "inclination" should understand meaning the usual mathematical function in 
the well-known application over each image on these specifications. It is also possible to use the 
function of the arbitration which expresses the fluctuation in a numerical object like for example, the 
Laplace function instead of this inclination. 

[0029] Please understand a technical term "a norm" to be what means the classic norm of Euclidean 
geometry. Square [ of a function like the simple sum of the absolute value of a component which is 
not a norm in the mathematical sense of a technical term, or a Euclidean norm ] is able to be used 
able [ the norm of other arbitration ] to be used. 

[0030] to a level coordinate and a vertical coordinate, a technical term "x-shafts" and "y-shaft" are 
boiled as usual, and are used. 

[0031] Drawing 2 is the flow chart showing various phases at the time of detecting the center 
position of each pupil of a glasses wearer on an image. In this invention, the center position of each 
pupil is automatically detected by analysis of the brightness inclination of an image. Reflection of a 
cornea is automatically detected by first calculating the pixel which has the maximum brightness 
inclination norm. A reflective core is detected by count based on loads after applying a threshold to 
this brightness information. It is also possible that count is also serially given to a target to each pupil 
and to be carried out in parallel. Below, this invention is explained about eye of one of the two, 
referring to drawing 2 . 

[0032] In the flow chart of drawing 2 , the aperture from which the core of a pupil will be detected 
by the inside is first demarcated at step 21. In a certain specific equipment, when a frame wearer 
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takes a certain specific posture, fluctuation of the location of the eye on the image for each wearer of 
every is slight. A detection aperture is arranged so that the center position of the pupil set up about 
the eye concerned may be surrounded, and it has the magnitude detected by experiment about a 
certain specific equipment. The magnitude is chosen so that the image of an eye may be located in 
the above-mentioned aperture regardless of a wearer. 

[0033] Although it is also possible to deal with the whole image, it is possible by using the above- 
mentioned aperture to shorten computation time instead of dealing with the whole image. 
[0034] At step 22, a brightness inclination norm is detected in each point of the image inside the 
aperture demarcated at step 21. 

[0035] At step 23, the pixel which has, the boundary, i.e., maximum inclination norm, of the corneal 
reflex on the pupil in the inside of the above-mentioned aperture, is detected. A new smaller 
processing aperture is arranged considering this pixel as a core. When a glasses wearer takes a 
specific posture in a certain specific equipment, it has the magnitude determined that it will include 
only the reflection on a pupil within the limits of it by experiment. In this way, a smaller aperture is 
obtained. All the pixels that have the brightness value which that data is changed into a binary 
format, namely, exceeds a certain specific level by next are set to "1", and the other pixel is set to 
"0." 

[0036] At step 24, false reflection is removed by performing gestalt-thinning (morphological 
thinning) to the binary format of an aperture. This is to compare the value of each pixel of an image 
with the value of a contiguity pixel. The minimum value detected in the inside near the specification 
of a pixel is assigned to each pixel. In this way, reflection of magnitude smaller than near disappears. 

[0037] In step 25, the center of figure (namely, point which is the average of the coordinate of the set 
the coordinate of whose is a pixel) of the selected pixel is calculated by the inside of the aperture of 
step 23. In this way, the acquired point is the core of the corneal reflex and is equivalent to the core 
of the pupil of this **. Furthermore, it is also possible to calculate the load core of the pixel 
concerned by using the load factor equivalent to a brightness value in this case, without performing 
threshold processing and binary value allocation first. 

[0038] It sets by step 25 from step 21, and the core of the 2nd pupil is detected by the same approach 
as the above-mentioned approach. 

[0039] In this way, the location of the core of each pupil of a glasses wearer is obtained in an image. 
As compared with a well-known approach, an operator does not need to ask for the location of a 
glasses wearer's pupil using a pointing device like a mouse. Furthermore, the location detection 
obtained in this way is more exact than manual simple location detection. Therefore, this makes 
possible automatic ticketing of the distance between pupils by subtracting x-axial seat label of the 
detected core. 

[0040] Drawing 3 is the flow chart of each step for detecting the location of the perpendicular 
direction tangent on an image, and the location of a horizontal tangent. The horizontal straight line 
which is in a tangential direction to the inside of a glasses frame, and a perpendicular direction 
straight line are detected by this invention in the form where the trouble of the conventional 
technique relevant to the thickness of a frame and the interpretation of the color of a frame is 
avoided. 

[0041] This invention makes it possible to detect the inside profile and outside profile of a frame on 
the above-mentioned image by analysis of brightness inclination. The 1st phase is calculating 
brightness inclination in all points. The body which threshold processing was performed, namely, 
was acquired in this way after that is changed into a binary format. By carrying out like this, the 
inside profile and outside profile of each half-frame are detected. A threshold can be advantageously 
detected by calculating an accumulation inclination histogram. At next, the whole frame 
configuration is gestalt-filling (morphological fill-in). It is detected. It becomes possible to detect the 
inside tangent to a frame by this by next. 

[0042] Drawing 3 is the still more detailed flow chart of this part of the approach by this invention 
about half-frame of one of the two. As drawing 2 R> 2 was explained, it is also possible that count is 
also continuously performed to each ** frame and to be carried out in parallel. This invention is 
explained referring to drawing 3 about half-frame of one of the two. 
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[0043] At step 31, four processing apertures (left-hand side, right-hand side, a top, under) arranged 
on the basis of the core of the pupil detected as explained with reference to drawing 2 are 
demarcated. In fact, in order to raise the rate of digital processing, as explained in relation to drawing 
4 , it is detected by each within the processing aperture whose tangent location is four, and is not 
detected on the whole image. In a certain specific equipment, when a glasses wearer takes a certain 
specific posture, the magnitude and the relative location of these four apertures are determined that 
each aperture is able to contain a tangent in all frame configurations by experiment. These four 
apertures are arranged on an image on the basis of the core of the already detected pupil. 
[0044] In step 32, the map of a brightness inclination norm is calculated by the inside of each 
aperture. 

[0045] A threshold is detected at step 33. This value may be a fixed value detected by experiment 
using the specific photographic system. However, it is possible to determine a threshold 
advantageously by the approach shown below. First, an accumulation histogram is calculated from a 
brightness inclination norm map. In other words, the number of image pixels which a brightness 
inclination norm can take and in which a brightness inclination norm has the value for every value is 
calculated. An idea called distribution of the brightness inclination norm covering the whole image is 
obtained by this. A threshold which has an inclination norm with a decided number of larger pixels 
than the threshold is adopted. For example, at a 150x80-pixel aperture, it is 2,000. The value of the 
pixel of an individual is adopted. This number of pixels is the number of the pixels which constitute 
the profile of a frame. 

[0046] At step 34, the point that an inclination norm is larger than the threshold from step 33 is 
chosen. In this way, the inside profile and outside profile of a frame are obtained in each aperture. 
[0047] At step 35, the still more detailed information about the profile obtained at step 34 is acquired 
by profile thinning. At this step, priority is given to one direction in each aperture. Therefore, by the 
two apertures on either side, the perpendicular direction tangent of a frame is called for, therefore 
priority is given to the perpendicular direction. Contrary to this, by the top aperture and the bottom 
aperture, the horizontal tangent to a frame is called for and priority is given horizontally. This is 
explained still more clearly with reference to drawing 4 . Thinning is performed in the perpendicular 
direction to the priority direction in each aperture. The more exact image of the inside profile of a 
frame and an outside profile is obtained by this. If an example is shown, when taking up a left-hand 
side aperture, for example, thinning which can be set horizontally is performed comparing the norm 
of the pixel with the norm of two pixels which adjoin horizontally for every pixel, and by leaving 
only the pixel the inclination norm of whose is max. 

[0048] The profile obtained in this way is changed into a binary format at step 36. The binary image 
which contains the inside profile and outside profile of a frame in each aperture is obtained in this 
way. 

[0049] The same processing is sequentially performed in parallel to each ** frame as it explained 
with reference to drawing 2 . 

[0050] The binary image obtained at step 36 can be directly processed using the file the proper was 
beforehand decided to be for every frame. Processing of the relation is explained with reference to 
drawing 5 and drawing 6 . 

[0051] Drawing 4 is the schematic drawing of the image of a half- frame in which the processing 
aperture explained with reference to drawing 2 and drawing 3 is shown. The half-frame 41 is shown 
in drawing 3 with the schematic drawing of an eye 42. A reference number 43 shows the detection 
aperture in the case of step 21 of drawing 3 , and a reference number 44 shows a detection aperture 
smaller than that in the case of step 24 of drawing 2 . A circle 45 is the rough expression of the 
profile of the pupil of an eye, or the profile of the corneal reflex. Reference numbers 46, 47, 48, and 
49 show four detection apertures explained with reference to drawing 3 , it is the inside of these 
detection apertures and each tangent to the inside profile of a frame is detected. 
[0052] Drawing 5 shows one of the approaches for detecting a horizontal tangent and a 
perpendicular direction tangent. Please understand that detection of the straight line in which these 
tangents extend along with it is not necessarily meant, and detection with a horizontal tangent and a 
perpendicular direction tangent means only detecting the location of the above-mentioned tangent in 
an image on the basis of the core of a pupil rather on these specifications. Therefore, although 
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detection of a horizontal tangent becomes detection of y-axial seat label of this tangent, or the same 
thing as this, please understand meaning detection of the perpendicular direction distance between 
this tangent and the core of a pupil. By the approach of detecting the horizontal tangent and 
perpendicular direction tangent of drawing 5 , the data file which shows the configuration of a frame 
and which was decided beforehand is not used, as mentioned above, step 51 and step 52 — every 
each of a half- frame — serially — a target — or it is carried out in parallel. 

[0053] The inside profile and outside profile which were obtained at step 36 in step 51 are a gestalt 
target (morphological) about a frame. It closes and is filling (fill-in) about the frame part between an 
inside profile and an outside profile. In order to carry out, it is processed in each aperture. Therefore, 
each aperture gives the image of a frame instead of only giving the profile. Gestalt-filling is 
performed by the continuous phase of expansion and thinning of after that. In expansion, it starts 
from the image of a profile and each of the pixel near the pixel located on one profile of the above- 
mentioned profile can give a value "black." Therefore, each profile is thick-wire-ized. It can be 
repeated to arbitration several times until an inside profile and the outside profile of this phase 
correspond. By next, gestalt-thinning actuation to which the magnitude of these profiles is made to 
reduce is performed. If needed, this thinning actuation continues for the same count as expansion 
actuation, and is repeated. The image of a frame is obtained by this. Along with the straight line 
explained about step 35 of drawing 3 , in the inside of each aperture, while is desirable and gestalt- 
expansion and thinning can be carried out to a direction. 

[0054] At step 52, the tangent of the inside profile on the image of a frame is called for in each 
aperture. This invention makes it possible to detect correctly the straight line which is in a tangential 
direction to an inside profile. This is more exact than the visual evaluation of an operator used with 
the conventional technique. In order to obtain a tangent, straight-line approximation (straight line 
approximatiom method) is usable. This approach is in searching for the longest straight-line segment 
in a frame in a specific direction. A horizontal tangent is called for, when following, for example, 
using an upper aperture ( drawing 4 reference number 49). It starts from the bottom of this aperture 
(from the inside which in other words is a frame), and the longest horizontal segment of a frame is 
detected, taking into consideration the segment and lap which encountered before. When the same 
die length is detected, the segment nearest to the inside of a frame is chosen as the case of the 
segment located caudad, i.e., this example. The horizontal tangent to the inside profile of a frame is 
given by this. 

[0055] For example, the profile pursuing method (contour tracking method) It is also possible to use 
the another tangent detection approach [ like ]. In this case, it is possible to skip step 51 which is 
used in the case of straight-line approximation. It is possible to detect a tangent directly from an 
inside profile and an outside profile. 

[0056] After step 52, the location of a horizontal straight line and the location of a perpendicular 
direction straight line which are located to the inside of each ** frame in an image in a tangential 
direction, and the center position of a glasses wearer's pupil are obtained. This makes it possible to 
give the pixel value for the projection of the measurement parameter on an image. The point on the 
inside profile which has a location on the xsame-shafts as a pupil core is used, and the depth of the 
frame which can set a pupil caudad is calculated per pixel. By next, the distance from a pupil core is 
calculated about all the points on the inside profile of a frame, and the maximum of this distance is 
used as a maximum radius expressed per pixel. 

[0057] Since the dilation ratio of an image is known, it is possible to acquire the value of a 
measurement parameter from the projection of these parameters per millimeter. 
[0058] It is possible by getting to know the inclination of the frame about an image by next to 
calculate each measurement parameter. Since the frame is carried on the head moved freely, please 
slide aslant and care about that one of the two of a frame may be higher than another side. 
Furthermore, the frame is partial to the flat surface of an image, and one of the two of a frame may 
be ahead located rather than another side. This happens, while human being who wears a frame is 
not looking at straightly the video camera (or equipment equivalent to it), or while bending the head 
slightly. It is common that a frame finally is not held in a perpendicular flat surface. The include 
angle between a frame flat surface and a perpendicular flat surface is a wide angle include angle 
(pantoscopic angle). It is called. By getting to know these three include angles and the value of the 
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measurement parameter in the projection on an image, it is possible in step 53 to calculate the value 
of distance A, and the distance B and axis gap distance which are a measurement parameter per 
millimeter. Furthermore, it is possible by getting to know the distance between pupils to calculate 
(refer to the above-mentioned explanation about drawing 2 ), a bridge, left-hand side offset, and 
right-hand side offset. Furthermore, the depth and the maximum radius of the frame which can be set 
caudad of a pupil are computable. 

[0059] Drawing 6 shows the option for detecting a horizontal tangent and a perpendicular direction 
tangent. In the example of drawing 6 , the external data file showing the configuration of the inside 
profile of the frame which the glasses wearer chose is used in an image (a true frame or a true true 
profile). It is possible to use the equipment for using this invention, for example in order to program 
this type of file. By reading in a frame using the sensing equipment of the type marketed under the 
name of Digiscan from this grantee, it is also possible to obtain the above-mentioned file, 
furthermore, the thing video photography is performed [ a thing ] for such a file on a discernment 
background — or obtaining with the means of other arbitration is also possible. When this file gives 
the configuration of the frame in the pars basilaris ossis occipitalis of a lens mounting groove, in 
order to obtain the file which expresses the inside profile of a frame (for example, thing done inside 
for thinning only of the amount equal to the depth of a lens mounting groove), it is possible to 
correct this file. 

[0060] In this invention, it is used in order to improve count of a tangent and to carry out 
improvement in a rate of this file. This is realized by piling up the actual profile of a frame by count 
on the obtained image by this invention, taking the inclination of a frame, and the dilation ratio of an 
image into count. A tangent is calculated by piling up an actual image on the frame obtained in the 
image. A geometric parameter is computed by next, taking an inclination into count. Since the 
endmost part point of the actual profile of a frame is known correctly, count of a tangent is easy-ized. 

[0061] This part of the above-mentioned approach makes measurement of an inclination 
unnecessary. It is possible to use count and to actually simulate various inclinations on a profile 
actual for the comparison with the frame obtained on the image. When the greatest correlation is 
between the frames shown in an actual profile and an image, this gives an expected inclination. 
[0062] Drawing 6 shows a detailed example. It is possible to also perform this approach on a target 
serially to each of a half- frame or to carry out to coincidence to both half-frames as well as the 
above. 

[0063] The file which expresses a frame with step 61 is read. This file may be a simple binary file, 
for example. It is possible to carry out enlarging or contracting of the image in this file if needed, so 
that the dilation ratio of an image may be suited. 

[0064] At step 62, in order to decrease the number of the points of determining the configuration and 
to easy-ize count, vectorization of the configuration of a frame is carried out. The data compression 
approach of other arbitration like BETSUIE curvilinear interpolation or other suitable functions is 
able to be used at step 62, for example. This gives the image (actual profile) of the inside profile of a 
frame. 

[0065] At step 63, in order to decrease a collection error and to make the inside profile of a frame 
still more exact, thinning is performed to the actual profile obtained in this way. In order to obtain 
the inside profile of a frame (taking a mounting groove into consideration) if needed, this actual 
profile is processed. 

[0066] It is possible to use various examples of the above-mentioned approach next. When each 
inclination is known, it is possible to continue steps 64, 65, and 66. When that is not right, it is 
possible to continue steps 74, 75, and 76. 

[0067] At step 64, the projection of the actual profile of the frame to an image top is calculated by 
starting from an inclination. At step 65, the projection calculated in this way is scanned on an image. 
In other words, the projection of an actual profile is shifted on an image and the correlation between 
the frames discriminated from the projection of the actual profile of a frame on an image (overlap or 
the number of common features) is calculated on each point. When correlation is max, the location 
of an actual profile gives the location of a frame. 

[0068] At step 66, the location of each tangent is calculated by getting to know the location of a 
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frame. The location of each tangent can be easily detected by getting to know the endmost part point 
(maximal value on x-shafts and y-shaft) of an actual profile. It is possible to accept the need and to 
use the straight-line approximation in these neighborhoods of a point. In this case, it is possible to 
use the smaller aperture for the above-mentioned approximation. 

[0069] In step 53, it is possible to calculate various measurement parameters A, i.e., distance, 
distance B, and the height and distance on the basis of a core of a pupil next. It is possible to use the 
above-mentioned procedure possible [ asking for a bridge directly from the file which gives a 
frame ]. 

[0070] Or when an inclination is strange, it is possible to carry out by continuing repetitive operation 
(steps 74, 75, and 76). At step 74, the projection of the actual profile of the frame to an image top is 
calculated about each inclination. By next, in step 75, this projection is scanned on an image and the 
point which has the greatest correlation between this projection and the frame image obtained from 
step 36 is detected. This correlation value is related with a corresponding inclination value, and is 
stored. By next, step 74 is repeated, after changing an inclination, the above-mentioned repetitive 
operation is continued until it finishes dealing with the inclination of all the range that can be taken 
(the case of the inclination of a before [ from -3 degrees / +3 degrees ] — the wide angle include 
angle (pantoscopic angle) of a before [ from 0 ** / 15 degrees ] — the case of a scan of every 0.5 ** - 
- 13x13 iteration — a result — carrying out). When correlation is max, this shows the proper value 
about an inclination. Control progresses to step 76 by next. 

[0071] At step 76, the procedure of step 66 is performed for count of a measurement parameter. This 
gives various parameters which need measurement. 

[0072] Therefore, this invention makes it possible the actual configuration of each frame, and to take 
especially the thickness into consideration, is exact and brings about a reproducible result. The break 
in by the operator is unnecessary. This approach can be carried out without following with 
measurement of an inclination. 

[0073] Drawing 7 is the flow chart of another example of the approach of this invention. An operator 
is able to intervene himself in this example, and measuring on an image is possible. Such measured 
value is compared with the measured value obtained as above-mentioned. In drawing 7 , a reference 
number 82 is the comprehensive expression of each step explained with reference to drawing 2 . 
Reference numbers 83, 85, and 86 express each step explained to each with reference to drawing 3 , 
drawing 5 , and drawing 6 . 

[0074] At step 82, the location of a glasses wearer's pupil is detected on an image. As a reference 
number 8 1 shows, an operator is able to detect the location of a pupil using cursor or a mouse to 
arbitration. Such a result is compared by step 87 and the difference is shown. The reference number 
88 expresses one of the approaches of asking for the tangent to a frame which is performed with 
well-known equipment manually. A reference number 89 shows the source of a foreign file 
including the configuration of a frame, and a reference number 90 shows the equipment which gives 
an inclination. A reference number 91 shows the display of a geometric parameter. 
[0075] Therefore, another various examples are able to be applied to this invention. The above- 
mentioned approach can be used by the manual mode (81, 83, 88, 90, 91), and an operator or a 
glasses vendor performs overall management in this case. The above-mentioned approach can be 
used without the prior knowledge of a frame with automatic mode (82, 83, 85, 90, 91). The above- 
mentioned approach can also be used with automatic mode using the foreign file showing a frame. 
Therefore, it is also possible to use the known value which measured the inclination possible 
[ detecting automatically ] (82, 83, 86, 89, 91) in other locations (82, 83, 86, 89, 90, 91). 
[0076] The above-mentioned approach makes it possible to take into consideration three inclinations 
and the thickness of a frame which can be taken. At this point, as for this invention, a result with it is 
brought about easily. [ it is reliable and more exact than the conventional approach ] 
[0077] The approach by this invention can be used in the equipment of the arbitration which can give 
the image of human being who wears a glasses frame. This approach is the above France 
********** j t j s su itable for especially using it with the equipment indicated by No. 2,690,833. 
Many descriptions as indicated by the above-mentioned patent effective in using the approach of this 
invention are included in this specification as a quotation. 

[0078] It is not limited to the above-mentioned example which showed this invention as an example 
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with the natural thing. Therefore, it is possible to detect a tangent to the outside profile of a frame, 
and it is also still more possible to detect a tangent to the outline of a frame if needed for a glasses 
vendor. Use of a processing aperture raises calculation speed. However, this is not necessarily 
indispensable for operation of the above-mentioned approach. In order to fit an image to a known 
scale, it is possible to carry out enlarging or contracting of the image if needed. The need is accepted 
and it is for example, the France ********** about an inclination. It is also possible to calculate by 
option like the approach indicated by No. 2,690,832. It is also possible to use algorithms other than 
straight-line approximation like the profile pursuing method, in order to detect a tangent. Although 
analysis of display brightness inclination was explained, it is also possible to use the approach (RGB 
and HSI) of other arbitration expressing an image and/or the mathematical operators (the direct value 
of a pixel, Laplace operation, etc.) of the type of other arbitration. Although the comparison based on 
the inside profile of a frame was explained when the actual profile of a frame was analyzed, it is also 
possible to also use the outside profile of a frame with a natural thing and to use both an outside 
profile and an inside profile. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/7/2006 



JP,08-047481,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view illustrating various measurement parameters about a glasses 
wearer. 

[Drawing 2] It is the flow chart of each step in detection of the center position of each pupil of the 
glasses wearer on an image. 

[Drawing 3] It is the flow chart of each step for detecting the location of the location of the 
horizontal tangent on an image, and a perpendicular direction tangent. 

[Drawing 4] It is the explanatory view showing the image of the one half part of one of the two of a 
frame with a processing aperture. 

[Drawing 51 It is the explanatory view showing the approach by this invention for detecting a 
horizontal tangent and a perpendicular direction tangent. 

[Drawing 6] It is the explanatory view showing the option for detecting a horizontal tangent and a 
perpendicular direction tangent. 

[Drawing 7] It is the flow chart showing another example of the approach of this invention. 
[Description of Notations] 
1 - Glasses frame 

4 — Left eye 

5 — Right eye 



[Translation done.] 
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[0 0 0 4] |W|^<7577ffi^. Carl Zeisstt^ 2*1 
Tl^-SVideo-Infral i: LTft|£>n.5gBK::fcl,>Tfflt^e> 

-f X£&/HLT±fBH&±T:7U-AK:;rt-5g=igl£ h 
L, Bi©4>^{^£fc£T£fc&fC#- VJkfcte 
T>7X^|)!)^-r. ^©&T, BB&Sffl#©IEEiIi&±t;: 

fc^T. 7U-A£«^<ht-3BB*ffi#©iiii©i§2* 

[0 0 0 5] ±g277ffiOi^7jfC*5tiT«, ^Xfc&ffl 
LT7l'-A©^&,*ii£^-Xt5Cit 1 

e # -effete ttn«%: 6 & c ©g & ^ 

•5. ffi£*ft^M£ttft«BT£tt. 7l/-Atf 
£B*I:7U-A4:©ra©tttttt:. ±fBgB£$frt£& 

UTS*. 

[0 0 0 6] Rodenstocktt(::«fcoTVideococi<hV>'5£?fc 
#»&*<•£-© 7 \s—A±\zmtt>&$itlT^Z>m&7 u— 

[0 0 0 7] so 



<niz?2>z\t£'S]m\z-f2> 0 
miz&t)*,?, jEmtifflfe&Bimiz-rz,. 

[0 0 0 8] *a§AtCctoTVideocentron 
<h^5«^TrUBS$nT^-5, 7^>X#fFffi^ 2.6 

[0 0 0 9] 

[gS^£»ftT-5*:«>©^a] *38Bitt. E&7U-A 

**mi LfcB&»fli#©BBa> 

£fflS/l7**£##37ji4£ig{ftU £©7ji£te. ± 
fBB&JilC&^T. ±IS7U-A^L-T^7&f^Cfe 
3* ¥7j fflB II <h ^iS7j ffliftfll t ©&B t ±EBB&3ttf ffl 

II:. ±EB4fe±t::*3V>T, S-S?LOfiS«F«iC*stt 

^iaiift»toffiii*e»WK:iftm-r*a»t, s*tr. 

[0 0 10] #5gBJ«. AMC^ASHSnfcfeOt 

[0 0 11] **W©#SU^3felS«-Ctt, 7W—A© 

IfiJItfcSitw&BA*, Iim7l^- A©#*t::i5UT 

[0 0 12] d©;£i£tt. H4k±lC*«r»TE«l7U— A 

[0 0 13] ±EB«±T#*©BI©B?L©4''5tfcB : & 
&»ttfc«fcB-r*±EB»tt. &*©tt?Lftl;:. 8i?L© 

[0 0 14] ^©Bfclctt, ±EB*Hjrr s±Bftiv 
ffiBft^f * C L ii (Ci; Trrt>n-5„ 

[0015] c5Ufc*ottffl»4. ±e#tt4«xicaar 

[0 0 16] ±E73^«, &*©¥7U-A©rtffliJ^ 
»C«LT«S7j|6lfC&-5 1 -^OBjSl^^OjSAt^tr^ 
Je>ft«6e>tlfcA^$©4 0©Sc$, SttTLW+'C^B© 
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[0 0 17] ^5l,fcS©lsEffll:«J:oT, &3g©rtffiiJ© 
[0 0 18] ±E7l/- Af:#LT&8S7J|6]»-,fc.5*¥ 

tj rfiifi si t mm^mm. & t ©a s £ s km kei w-t a a 

Ktt, ±Ejgc©£-*©|*j{|iJf;:*5^-C. ±E&©f*Jffi!J©Bg 

±E£©l^<M©±E:7U-A©Jg#£±E$££|5a>'E>.feffi 10 
T*aPg<i:. ±3BSHJSUT. ±E7 U-A©ft<8iJ$||& 

a. 

[0 0 19] ^©ft©S*ifc&©iIi&±©±E.6a*. ± 

[0020] mn&±.im®Lfrz>mn-2tiz>z.Lifi-5im 

ISfcHUT, ±EH{fc±^©J:E&R©tfttt©ftMg£tt- 20 

.tor. ±EH«^6afflsn&it»ic»bT±ei*« 

[0021] <«^*tK»TafeS#^tc«, ±E7ji*«, 
BI^7 l/-AO*BOi||ltC07 L--A©M£l<h£4> 

fc<£t>#*.s»i*£, ±b«*io6i;t. ±e®&± 

±©±E»»*jfeSEr<5ilit. :i©j£3l£ISJIW*5. ± 30 
E»«©*tt«KM UT±EBf«*» 6»ttflb ^nfe^fPt 
±ES*»t©ra©4BI5*ffHJ-r-5CttfC«fcoT. ±E 

Hik*»6aHjsnfc*6*isic»LT±Eit**tfc«irr*a 

«fi, ±EffiK;&*«;*c-e&S±E#«g©{£B£<£flJL 
T. ±E7U-Alc*fUT»»*ia]K***^*|^i([» 
£S«:&ftB*£©{M£«HlTSft»<!:» £^trc:<2: 

[0 0 2 2] ffSl/lr^MMOlOTlt ±Effi«*»6 

iEjftfc/* 5 **©«!*«•*■*-*»»#. n&*fffl#© 

IS©tta©+^©ffl5fc#WteHt±E7U-A©rt(B!lffeSB 40 
fc»UT»«*|*]fc**Bl[*i:*ttttr*JitK«t-3T 

[0 0 2 3] *«?8©S"J©»»tfiJ.«t**. 8stt0ffi£ 

©**«©ttWa»&Wc9HIK:fc.5*?<5 3. 
[0 0 2 4] 

[ftKffl] BIB. RBtt«ffi#l;:H-f«tt*&:a!l£/X? 
*^£05:L-O>*. 01 Ml*. £I©¥7U-A2i: 
*«©*7 U— A 3 t*»6«J« Stl*B»7 l< — A 1 flt 
^*n. Bl^«ffl#©&B4t*B5<t*t«llllS6«)»C^S so 



x *«gij-r*fc©c 7 ^-^©^{iij^w^ai^ d i*tjgj. 

MIC. :7U-A£Stp£L;t3tffl#©lg©ft 
B£fcJ-5Cl<»:t>!&gTc&.5. ^©/t^^^^a^fflS 
ftTV»6. JRl4>/t?*^tt. RB&»ffl#©piaBM©&+ 
4>©IW©e«T?*D, d©KBftt, ^ffliJ©ffi?L(i:^©fi& 
& t ©ra©*¥75 ISIKBI <h&©tti& <h£ffiij©68?l t ©ra 
©*¥7j[S]^l®<i:lcS-**tffiS-r'5^ffl!l^-7-t-> r-<h£ 
«*7tyhiO^IH:»LH. H1TI4. 
©*M*S*U ^tte 7**ttJLW©EBl!iT&t). ^j-?£9# 

•5. &ffliJH:&®-r-5. Sf7l/-A©?3fl!li:3t}l,T»S 
7jfS](C*^>2*:©Sil7j(6Jia«a (10, 11) ©K©EI8 
£. ^Uy5?tl?^. 01 ©-tffii2**^U y^l^fflST 
-5. ft*7l/-Aoi, fiP^. A©(*ifliJt3^ 
bT^Tj^JI'SS 2*©Sit7jl6]it«Hi. 13©H©BE 
ffi$. SgBfA (TffeH) £P¥tf. #f7U- A©F«9fiiJfZ 
#LT&87jfflfc&5 2#©7k¥7aftB*S!l6. 17©K© 
K8§£. maiB (^2£l5) tPf*. ±E© 2 *©»«* 
^©Tk^TJfiiSigS©* **§i<i:±E© 2*©»IMfIrJ©£ 
tt*I^Iiei6Sl©'t'*^<i:©ra©3J!SjaS. ##71 — A© 
^'frtDJ-S. £BS4©li?L©'t , <fr<h, £ffliJ¥7'U'-A2 

©i*3«©T*K:*#LT»«cSFiRifc*a*T*iSaiai(ii6i 

©IW©SefSi«:. £ffliJii5^18<i:P?^. #S 5 ©tta©+«Cf 
*«¥7P-A3©rt«©T«K:#LT»IJl#AK 
***¥*l6liMli:©M©re«t. *<B'JiiS$i9<5:li?^. 
S- ¥ 7 U — A © <f - L> <*: *f m "t -5 BS © tt © * <£> t © M © 

©. fe«XHfc&<M©, tttft-***lEfB (off -axis distanc 
e) tP?^. fc&fflJXtefclM) tt3l©tf>'i>i-€-©BJL© 
+'i>©T7j©7 U— A©|*9ra<t:©flfl©8B7j|nHegi£, 
tt?LT7J©7l^-A© C&fllXttfeflJ) Si$tO?^„ 

(*fiiJXttfeffl!l) tt7L©4 J 'Dt-5-tlfc^iS-r-57 l"-A 
©rtHi©ra©«*OBIH&, (*{»JX«fc{BiJ) ¥S 
(radius) tP?^. d ©***««. flgfflBjffi&U>X© 

*/waa©** s ^ju-r -a n t * oi^tc-r 

[0 0 2 5] *^©SWH 71/- A£«fflL£:|g$g 
^ffl#©Bi#*^±E©^-<r fort 7 ^ ^ *^tt)-r-2> d <*: 

5 i ^-*p<7(C<toTfte»n-5di:*tW*iJT?$.-5. CI p L 
CT^L«, ±E©Videocentron^S(CJ:oTti 

fc»^>ti-5c:t7jiPiffiT$)-5. c:^ Lfeiii«!(4. iia© 

t«t«toT) Hik©*!;**©«Hjs?iiek:-ratt«© 

[0 0 2 6] ±S5I»K, BS^»ffl#©SB<i:7L/-A 
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[0 0 2 7] mm r®#j *HJi8B#T«. 

* a* e & s offw * -5 1 mm * nrc 

T-f^^*8S (feffi^S3ta(hue saturation intens 
ity: HSI) Xte5*SW(RGB))T&5. 

[0 0 2 8] ffili TfiJiSj *B^ajSt?«. 0*00® 
ife -5 * Wffl J* C *5 »* -5 a* ©gfc^fcjKgc * 

ttSOWBSttflrraJltfcBJBT**. 
[0 0 2 9] ffiig r/jPAj tt. 2-i;Uy Kg&fBf^© 

[0 0 3 0] fl5l§ r x -$ftj £ ry-fftj «, 

[0031] H2tt. as^Sffl#©&ffi?Lo*^fi:e* 
H«Lh-c*ar*iR©**<tRB**-riiRnia"r»*. 

Wfc«fct>Te»w»c«Hi£ft.6. Banc, B^jfg&jge 

BBlxfcP6. >Mf©KfcHUT*»PJS8t9ir*. 

[0032] m 2 <om.nmx'\t, tt?t©*4>*«-e-©f*i{iij 

U— ASIffl#*<i:*<g^lC. <®*©«fffl##©li^±© 
teaStCgg LTiSJtS ftfcB?l©«f 'frffcB*B 0 ffltr«fc -5 
£n5*#;*£wr&. -?-©;*:# *ffl#©$pHlc 

[0 0 3 3] H«±flc*llOS5C«i:fcWtiTi&-5*t, 

[0 0 3 4] X^y^22X\t, Xx-y^lT-H^n*: 
ig©rt<M©SB©S-;±U;::fctr>T. WS^iHyjUA^fcH 

[0 0 3 5] Xx-yT^T'te. ±IBSc©f*g{IJ»C*3tt-5tt 



jl±©^kr»©^. B^sy^Astrrs 

©Sisil* UTIEB£*15. &-5!8j£©gBt;:i5<^ 
T#S©g^$rBS^ffl#^<»:*«^fC > ffi?l±©Ktt 

£©&-rj\ -^©x-^a^ffi^seK^&sn, bps. * 
ru ic$n. -tn£Wi.©HBa« roj icsn-s,, 

10 [0 0 3 6] XT-y^Ttt. 5g©2fflfBiCl'*fLT^ 
^W^Si-ffc (morphological thinning) £fr 5 £ £ \Z£ o 
T, &<«Kfcb&<|&s53n5. dftte. Si®©^®???©!! 
£$t&H*©M<hit!i£T*£<hl;:;fc.2>. SiB^f-^. H 
m©#£©iff#ftT&ttl£ttfc§/hMa<*iJ 0 ST e»tl 
C5bT. iS#«fc0*>/h£^*££©K9tW8S£-r 

s. 

[0 0 3 7] Xr-y^STtt. M1R2tlfZMmv>mi> 
(EPS. ^©&fiS*<iIj^©lli£©J&ti©¥i$teT-<fc-5 
,6) *^:/23©®©fiffliJT-fff-g£$n-5. 

Hfc, £©«£Cte. BlOf::MttfflS£ 

[0 0 3 8] 7.7- y -7l\fr<b7. : rv-?25$LX'\Z&^T, 

[0 0 3 9] upLT, 6g&Sfffl#©g-ii?L©*<i>©G!: 
B#iii&4 1 T-»'=.n&. &&©2Fft£it®:-f-5<>:. Sf^ 
^"^©.fcp&JiW >^^f >^7 r A-f X^^fflL 

[0040] B3>t mtk±<omm^tni9M<oiSLmii*. 

¥^rffl»*OffiBi: *«Hi-r x y y©S5tl 

U— A©JP^ 1 7 A©fe©^IW<i: L-fcfi£*ft 
[0 0 4 1] *«W»4. WS«OMl:J:oT7l/- 

bIBT**. d©^T, 7U-A©±^J^«^. 
so 2£TA/(morpho1ogical fill-in) tCd:-pT^(±}^ tl-5. 
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[0 0 4 2] 0 311 h-Jj<D*yu-i>.\zm-?z>. #?8 
LTmm&)izftfrnzz.t>b. Mfri,Tntit\2>z\t>b 

[0 0 4 3] X^-y^lTtt, $#fiiLTI5iBJL/c 
©Sagsg ±fflij. Tfid) SHlTT*. H(S 

cinero4oco^©^:#$i:ffi*fe<j^s<>:*i. 

&±K:EB£n-5. 20 
[0 0 4 4] X^yTtaTtt. ffBSjEyOI/AfiDVyT" 

[0 0 4 5] ^yy°33-V\t. Htt#qfttti£?LS. Hffl 

BJtffiTa&oT *>«£(/>. L-^U *tc^T*tefcJ;oT 

dftlCck^T. Wfc^KJ^TOffBfcJE^I/A©** 30 
150 X80Si^WSgT«. 2.000 <ltf>H 

mt\,*?m&w.m2n2>. z\<Dw%&.\t* y iz-aoh 

[0 0 4 6] X^yT^Ttt. X^-yy33^e.05l&g<l«fc 

So 

[0 0 4 7] X7^7*35TH:, XT-v7*34Tft 40 

<=>ft-5= CKDX^-y^Ttt, &^(*3(Z*5tiT 1 OCO^(o] 
ftoT, £*©2 7©gTH 7I/-A 

$te£n-5. cnt«S*f»C, ±ffl'Jjg<!:T(|iJ®<hT-tt, 7 

u-AfcM-r^7K¥*i*i«^^*i*e.n. fc^-maitm 

K^TT*. &^©&5£7JfiK#LTgBft77ftlC|ffli£ 
Vc^'fsy. cnJcfcoT, 71 — A<0i*gffliJ$&fq5«hfl.ffliJf& 



fcte. ^JAtf*@i^fc-?-oiii^co/;UA**^i^iz 

E y ;!/ AjMR*T« SHBfc'WSJSTi: 1 1 Jc«fc o Tff 

[0 0 4 8] Xt->;/7"36T«:. d^Hf^nfcM^ 
2fitJg3UC&&£:n5. ^ftl^lz-AOrtWigPi; 

[0 0 4 9] RHSQfflSftf. 0 2£#HLTift9JL*:51 
[0 0 5 0] X^y7*36T#e>ftfc2ffifflBtt. fiiglft 

x«, 7i^-A#tc@*©^«6fti*€>nfe7 7"r;u 

[0 0 5 1] B4», H2tH3i*#HlbTKWU& 
^S^Sr^f. ¥71/- A©Hffc©»&0T?»-5. 031: 
«, ¥71/— A41**. Bl42WBS0i:*lC^$nTl/i-5) <> 
#MS^43tt0 3OX5 1 y7"21WJ!g-&©^m® : &^L, 
#JS##44tt, 0 2©Xf-> 7*24©«-&ro«t D/hStefc 

©t6S"8©iKII&69&^T&-5. #flg#"^46. 47. 48. 49 
0 3£#!iLTI&BJL;fc4O©&aj3g£^U d*l 
£>CD&£ii;gcE>F*g{|iJT. 7 I/— A©fi{M$!l$]U;:*rr&<@* 

©giaa^ajsn-s. 

[0 0 5 2] 05H 
ftttitSftftO JSC 1 OSSbt^5. *BJ«tB*-C 

«, *¥#fa»»£SB;8fF3»i*£©4fttm4. cnsoD 
1-5^(JW<t<. trL^, ¥KBi*i»g©±lBtt«©ffi: 

*-r ; F-se>^*e.tife5 J -^77'-i';p«<5effl$n^:t.i„ ± 

E©«tp(C. X7=-y7 P 51<»:X5 i >y7 P 52tt, ¥71/— A© 

[0 0 5 3] Xt : -->7 p 51T«. X^y7*36-Cf#e.nfcrt 
<W»S15i:*t-<B!lie*P£**. 7 l/-A$^liW(morphologic 

ai) \zmcx. ft&mntwm%£v>r$<Dyu-&& 
^^•s•?ET^(fill-in) -rsfc*!:, ^^nz^xism 

$n^. fif^T. #Sgli. ^(D|gi|P5:#tC-?.A^^0 

•e©^T©«ffl^t <t ^ -5 L itt&PgK <}; o Tff t>tl 

7jC7>^H?±Jc^BL^:a^co#jfi»;&Sli^©S-«^ t 
fit r^j sr#^.ens. SfoT. S^fqW*igMt;£n 
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te, m3<DXTv735lZMlsTmWl,tziAm\Zte~DT. 
[0 0 5 4] X-x-^y52T^, ^mmz^TyU-A 

ft \zttisTmmjj&]\z<!bz>m&& mm \z r s 

00*.^ H^fi^ffi (straight li ne approximation) met 
-ACggTK^I^tfraWi igUS^^tti 

znftm&izit, mbTmzi&m-tzmfr. ms. £© 

•2>„ ^ni:J;oT. :7l^-A©ft{|iJ|&|qnc#T&*¥7j 
CO 0 5 5] m^t^mmm (contour tracking meth 

od) n^vum^mmmm^m^m.mt^^t'b-pjmx' 
$&ntfrt>\g.f&mzm&$ : 8im-T2> ^ <h*M^T$.^. 

[0 0 5 6] X7-y752<D&-X:\t. WfafaCD&¥ y U- 
A <DfH MizM b TS^Tj ft \Z $> -5 *¥7j [S]iSii§i©ftg £ 

mvfr&<Dmmmtf-$-z.*>n2>z\£&oiM\z-r2>. mil 

Ttf-JTr*. £©&"?, tt?Lf^*»6cDffiJ||*, 71/- 

Steffi*. H**ttTf*Sftfc»**SibT«fflr 
5. 

[0 0 5 7] ®Hl!©i£A45atgE&Tfe-5©T. iJSJt/^ 
[0 0 5 8] Bi^lClS-r5 7U— A©M^$: 



T, 7U-AOit^*<(t&7jJ:0feflt}^rfr{a:SLT^-5oJ 

7U-A7&*Sit¥ffirtf;:«&£mcl^<h#-& 
7U-A¥ffi<hSii:¥ffi<!:©|!S]©£iate. £ 
(pantoscopic angle) Z.tl<b3-Z><D 

£wm±co&m \z& tt s so^t ^ * ^ com. £ £3b -s 

10 *re»AtBI*Bt||Mll-rnE«tOtt*5U^-h^ 

*ttTW-»-r*ct««BriBT»*. Hie ttiimoEffi 

£$B3;r<t:K:,fcoT (H2»cH-r*±IEKW*#flBStl 
fcU) . Zf>) y •?£&&}* y±.-y ht*fflt7ty h <h 

[0 0 5 9] 06H *¥3firlftl»aiiSlt3&fiI««t* 

^m-r-2>fcJ6©gij©7jft*^-r. h 6 ©susfcraa. m 
&mm mttmiR l&71/-a ©^ (mii t$ © jg« * *-r^ 

20 Axra*©!^) . &5£w&&m?2>?ti?>comw$:> m 

AM ^©^7"©77^M7"Dy75>yt4fc» 
K^fflf <£> CiPIfTJS. *»«A*» SDigiscanO 

T7I/- Aa^^^-SCltfcJcoT* ife^r-f^S 
f#-5CtfcBltgT*^.. d5Lft77-fM, ^ 

&MC0^&HZJ:-}Tn2>Z£*>-5imT3b2>. ^©77-f 

[0060] ^mxi,t. z.coyT^)\,%, muom-n 

WCtt. 7U-AC0jW^|<»:|Ii^©MA^iS:W-»(CAn 

fc«fcoTS^-&t)^^c:ticj;oT*^$n-5. mmz 
*^tienft7 u— A©±twSiis©ii«*ata^t)-a- 

[0 0 6 1] ±Ml5&.C0Z.C0mft\t. mPKDWJZ&Tg: 

\z-tz. mmiz. strnzmmi-T, mm±-c%^nrzy 
u-A£coit&corz»biz, m<mco$&$z±-vm*um& $ 

* i = in $ tl -5 7 u - a <t © m \z a A © ffi H d^* -5 i z 

[0062] 0 6ii mmtt&mm&Tji-r. ±&£m® 

so (C. C©73ffi*^7U-A©S-i?C^LT^WfwrT5 
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[0 0 6 3] X^y761-m. 7l/-A^1-7 7-fJl- 

[0 0 6 4] X^y762-e»i, ^©Jgtf^&Jg-r -5>,£© 
&£®/>£i±Tim£SIHfc-r3fc©{C. 7U—A©)g 
tf^y hJ^^t^tl^. X^y762Tte, t&JAfcf^ 10 

tt. 7 U— A©ftfiM&$&©li» (ftRKDftff) 

5. 

[0 0 6 5] X-7=-y7*63Ttt. iR^X^-SS^S-e-J. 

[0 0 6 6] COST. ±E;&ffi©&*fr||ig0iJ£/Bt,i 20 

X777"64. 65. 66*«fttt-5Cl<i:*ipJteTJbS. 
&<^«^K:tt, X-^y774. 75. 76Srig?tt-2>C:<h*iBj*l 

[0 0 6 7] X^y764T'te. MA3^6PUAUT. HIS 
±^©7U-A©*IK©*»p©jttJJ£H-jrrs. X^y 

n. 7U-*©SOR©IMl5©MB<hHfc±T?H9J;£ft.5 
71/- At©ra©t§H (t-;t-7y7 , Xtt*MO 30 

ft) *»ftj*fc«-j|t*n*. «w*««*Tf»*Wffc. gig 

©*l$R©'£fl:S**7 L — A©<ie£-$.;L3 0 
[0 0 6 8] X^y7*66Ttt. 7 k— A©f£fi<£*J]-& £ 

t\z&-?T. [B-*©8^©&@*«wgsns. <!-<?©& 

^©ffifite. 3HS*©«fttq5©gigj6 (x-i±ty-«± 
filT&S. j&glcjfcUT. cn6©^©jfi^fgt*5tts 

[0 0 6 9] d©^T*. X^«y7*53C*iV»T, «*&iffil 
tL&i«*iE«lt«-»r-5J:i:3i«?riBT*a. 7 k- 

[0 0 7 0] *«r*tt, «A#*»T?**WrK:tt. Ei'&m 
StattTfT^CttfWC** (X^y7*74, 75. 7 
6) . Xy-yT^Ttt. l-frroi^CiLT. Sfti'v 
©7U-A©sfe|£|&85©#*££fff?-r-5. d©&T. X so 
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^ t X r- y 7*36*> 6 ft £ ttTc 7 U - A B& t © IB] Id 
©ffiHa<&-£>,6£&ttl-r-5. ^©ffiMfiiSr. fcfJfc-r&M 

tf. -3° *^+3° ST?©W©«»©*SK:tt. 0 0 
£-15° ST?©ra©j£A^^ (pantoscopic angle) tt. 0. 
5 ° f "7©^aE©«-&C. 13Xi3IeI©S«(CJg*-r 

[0 0 7 1] X5=-y776T«. 88^/ty *^©ff-g©#: 

[0 0 7 2] lot, #7l/-A©3tE|»©» 
tt, 1#^-e©iP^ &%mzAtlZ> Z. t oltgt; U iE5g 

[0 0 7 3] H7I4. *^^©*ffi©S'J©*liS^J©SKtl 
HT»*. d©IIJS^i-Ctt. IWg6^At5Ct 

cip bfcSH^M«, ±tB©iioicf#enfe?ii^fii < tJt« 

Sn*. 0 7TI1 #HB**82l£. H2*#JHUTK9i 
Lfc<@«©x^y7©fifi§6<)^«^Tab4. #ra#^ 8 
3. 85. 86tt. -€-tl^tltC0 3. 0 5. 0 6£#HBLT 
IftBJ L fc ©X 7- y 7** ^ L T ^ -5 . 
[0 0 7 4] X7=-y7*82t?tt. |g&*rfl§#©»?L©ftg 

y;i/Xttv7x*ffifflbTe?L©fi:e*«mi-r-5 
**<itl4$n. ^©msat^sns. #m#^88«, i> 

^T*«6S^fe©lt3$^UT^-5. #M«^89tt, 
7U-A©^«$^trnSB7r'f;P©y-x*^b. # 

[0075] se-pT, &*ti.m<Dnmm&*&m\zmm 

*n«Ct*»RlttT**. ±E*fttt. *»*-K (8 
1. 83. 88. 90. 91) TtefflSn-5C<2;d<nTtgT;&0. 

K-c«ffl*ft*c:t*«PrtgTr»a (82. 83. 85. 90. 9 
1) . ±E^K«. yis-A&m-m&yT't )u&mm 

T. ^SrgKWfC^ttJ-rSCiTjtPlfg-eS.O (82. 8 

3. 86. 89. 91) . xte. i&<Dmffi-vmmi,fz%t%}<Dm 

Sr^ffl-r-SCtfeoI^TS-S (82. 83. 86. 89. 90. 9 
1) . 

[0 0 7 6] ±E^ffitt. &0i§2>3-DO>m&£7\s- 



0) 
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co o 7 7] ^miz^^m^s mm.7i'-2±zmm 

[0 0 7 8] ^^(0C:<»:^c*te>. 2MI9ite, — t*J£LT 

-r >izttLxmi&$:&im-rz>z.£hB!mT&z>. mwrn 
n&mizstwmm&fatz&z. l*>u z.n\t. ±te 

■fimonmiz £ -z> T^F "J^TS) -5 <h H 5 t> Witti 

T. MAif7?>XWVlPttlMI 2,690.832^»C 

BB5**ttfc;#ft© J: 3 tt9J©36fft-C«-J*T S £ ii *> pjffi 

mmTzmo&Mojsm (rgb . hsi ) Rtf/x«ffi<D 
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£®ffl-r*> ^ 1 t> DiffiT*-5. 

[0H©IWfrIft95] 

[01] as^»ffl#»cn-r^«^^zB!i^/\7^^i&ia^ 

[0 2 ] H&±©BB&»ffl#©&©ftro*<fr<McD&ffl 
10 lZ$H-t2,m*<D7.y u yZf<Dffi.timT$>2>. 

[S3] iS^±©7k¥^(6]S«l©{iMt^it*f6]^i: 

[S4] yu-&<DKj3<D¥ttBft<Dm»&9mmtPi 
iz^-rwtwm-c&z. 

<v*mji\z<kz>jjfi;&7K-?®.wmT$>z><, 

20 [07] *f£m<D^m<nm(D'mifom&^-Tmnm-c$> 
•5. 

[^©sagi] 

1-BBSE7U-A 



[05] 



|J' L^3JT~~H' 




(10) 



7 4 8 1 



[04] 




[06] 



65 



CD-" 

^3 



[El 7] 




(72)58^ x:n^7 *d-F 

77>Xi, 69500 U3>, Ui 
^ 127^ 

77>Xi, 91370 ^JHJX-;k l/y 

out, ^;mjx-;k 16 



:7^>*H, 94100 it>-^-;i/, 
A— ;p x, 48 

(72)^* 7-* 7^ 

77/71, 91210 XL, U sl — 

xl ^ n;u-oL-r 3 
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